Introducere: Rinichii cu artere multiple reprezintã o provocare deosebitã pentru chirurg, atât în timpul nefrectomiei la donator cât şi al transplantului renal. Scopuri: Scopurile acestui studiu sunt evaluarea rezultatelor atât a donatorilor cât şi a recipienţilor rinichilor cu artere multiple procuraţi pe cale laparoscopicã. Pacienţi şi Metodã: Am analizat retrospectiv datele medicale a tuturor recipienţilor şi a donatorilor vii care au donat rinichi pe cale laparoscopicã între aprilie 2009 şi decembrie 2014. Detaliile intraoperatorii şi evoluţia imediatã au fost comparate între donatorii şi recipienţii de rinichi cu artere multiple şi donatorii şi recipienţii de rinichi cu arterã renalã unicã. Rezultate: Dintr-un total de 250 donatori la care s-a practicat nefrectomia laparoscopicã 43 (17,2%) au avut artere renale multiple. Timpul operator mediu a fost semnificativ statistic mai lung în grupul cu artere multiple (168,1 min vs 135,3 min; p=0,001), cu toate acestea durata ischemiei calde, respectiv rece, au fost similare în cele douã grupuri. Nu au fost consemnate complicaţii la donatorii din ambele grupuri, nici conversii la nefrectomia pe cale deschisã. Durata spitalizãrii postoperatorii a fost similarã pentru cele douã grupuri. Deasemenea nu a existat nici o diferenţã semnificativã statistic între rata funcţionãrii imediate a grefelor renale din ambele grupuri. Concluzii: Nefrectomia laparoscopicã la donatorii cu artere multiple este o procedurã sigurã şi nu are un impact semnificativ asupra evoluţiei ulterioare a donatorului sau a funcţionãrii grefei renale.
Introduction
Renal transplantation is the only cure for patients with end-stage renal disease. However, this treatment modality is not readily available for all patients. It requires a specialized center of excellence, fellowship trained surgeons and an extremely intricate network of transplantation and organ procurement organization staff. Due to the ongoing supply-demand mismatch between the available organs and patients who desperately need them, most of the transplant centers have adopted laparoscopic donor nephrectomy (LDN) in order to expand the living kidney donor (LKD) pool. By minimizing morbidity, lowering costs, and expediting recovery of living kidney donor, LDN might increase the number of kidneys available for transplantation (1) . Moreover, transplanting renal allografts procured laparoscopically has been shown to provide short and long term outcomes comparable to outcomes of open donor nephrectomy (2) .
The first LDN took place in 1995 (3), with encouraging results from both the donor and recipient perspectives. Initially, LDN was limited to procure kidneys with single renal artery (SRA), as multiple renal artery (MRA) kidneys were considered inappropriate for laparoscopic procurement. Since the presence of MRAs is considered the most common renal anatomic variation, with prevalence of up to 30% (4), considerable number of potential LKDs would be precluded from this minimally invasive surgery. However, with increasing experience and improving technique, LDN has been extended to donors with MRAs. Despite that, some transplant surgeons might still rule out the option of LDN upon encountering potential LKDs with MRA kidneys because the procedure is still technically challenging, with the ongoing concerns regarding prolonged Cuvinte cheie: transplant renal, nefrectomie laparoscopicã, donator viu, artere renale multiple, funcţia grefei renale operative times, ischemia time, and increased risk of complications (5, 6) .
The aim of this study was to compare laparoscopically procured MRAs kidneys with SRA kidneys focusing on surgical procedure and immediate allograft outcome.
Materials and Methods
The study was approved by the hospital's Institutional Review Board. All adults (age 18 years and above) LKDs who underwent LDN between April 2009 and December 2014 were included. All LKDs have gone through an extensive medical, surgical and psychosocial evaluation. Part of that evaluation was delineating renal anatomy using multidetector computed tomographic angiography. Due to lack of experience at the beginning, during this interval per center protocol all potential donors having three or more renal arteries were excluded from donation, only donors with single or dual renal artery were accepted. Medical records of the donors and their recipients were reviewed. Data collected included the number of arteries per kidney, LDN total operative time (TOT), warm ischemia time (WIT), and cold ischemia time (CIT). Donors' length of stay (LOS) and presence of post-operative complications were collected. Allograft function was assessed by presence of delayed graft function (DGF), which was defined as requiring dialysis during the first week of transplantation, and serum creatinine levels at day-1, -5, and -30. Presence of complications on day-1 Doppler ultrasound, which is a routine practice in our center was reported. Outcomes of DRA kidneys were compared to outcomes of SRA kidneys.
LDN procedure was performed using both standard laparoscopic technique, with three trocars and Pfannenstiel incision for extraction, and hand assisted laparoscopy. Once out, the kidneys were flushed with cold University of Wisconsin [Viaspan (Bristol-Myers Squibb)] or histidine-tryptophan-ketoglutarate [HTK; Custodiol (Essential Pharmaceuticals)] preservation solution. A routine post procurement bench reconstruction was performed for MRA kidneys. The arteries were joined together in a double-barrel fashion in most of the cases. In situation when arteries were too far apart in order to avoid tension we decided for separate arterial anastomosis.
The recipients underwent the transplantation procedure using the standard extraperitoneal approach with end-to-side anastomosis of donor renal vessels to recipient external iliac vessels. All recipients received subcutaneous unfractionated heparin as venous thromboembolism prophylaxis. Recipients of DRA kidneys received low dose aspirin starting postoperative day 1. Ureteral stents were routinely used, and attached to the tip of the Foley catheter. The stent was removed with the Foley catheter on postoperative day 5.
Statistical analysis was carried out using Stata version 14.1 (StataCorp, College Station, TX, USA). Data were expressed as mean ± standard deviation for numerical variables and as frequency (percentage) for categorical variables. In order to compare the two groups, ttest or chi-square test were used as appropriate. For all analyses, a p value ≤ 0.05 was considered statistically significant.
Results
Two hundred and fifty LDNs were performed during the study period; 43 (17.2%) donors had DRA kidneys and 207 (82.8%) donors had SRA kidneys. Baseline characteristics of donors and recipients (Table 1) for both DRA and SRA kidney groups were the same.
Operative details are shown in Table 2 . TOT was longer when dealing with DRA kidneys (168.1±6.9 mins vs 135.3±6.5 mins, p=0.001). However, WIT during LDN procedures was the same among both groups averaging at 4.6 minutes and 4.0 minutes for both DRA kidneys and SRA kidneys, respectively. Within the DRA group, there were no differences between the hand assisted and standard laparoscopic nephrectomies with regards to TOT (165.9 mins vs 170.3 mins, p=0.31) and WIT (4.3 mins vs 4.9 mins, p=0.33). Vascular anastomosis time was slightly higher in kidneys from DRA but there was no statistical significance (42.3 mins vs 30.6 mins, p=0.93).
There was no single case converted from laparoscopic approach to open nephrectomy in both groups. None of the donors required reoperation, and there was no post operative bleeding in both groups. The average length of stay (LOS) was similar in both groups, averaging the 4.7 ± 1.0 days for DRA kidney group, and 4.9 ± 1.0 days for SRA kidney group (P = 0.32).
Recipients of both, DRA and SRA kidneys had no major complications. There was no single case of DGF, no renal artery or vein thrombosis reported on post operative day-1 Doppler ultrasound, and no urological complications. Postoperatively, serum creatinine dropped to comparable levels in both groups, at dat-1, -5, and -30 (Table 3) .
Discussion
During the last twenty years; laparoscopy has become the procedure of choice for living donor nephrectomy, replacing the open technique in most of the centers worldwide. In this study, we present our experience with LDN and to compare the renal allograft outcome between cases with single versus dual arteries.
Laparoscopic surgery has many advantages (9) to 27.4% (10) . Preoperative accurate delineation of the renal vascular anatomy is an important step, as LDN is technically challenging compared with open nephrectomy. Computed tomographic angiography has been shown to have an accuracy rate reaching up to 98%, with sensitivity and specificity of 86-88% and 98-100%, respectively, on assessing renal vascular anatomy (11, 12) . In this study, multidetector computed tomographic angiography was done for all donors and was sufficiently accurate for correctly identifying renal vessels. There were no false-positive or false-negative results. In another study, one out of thirty-one donors had a preoperative scan suggesting two renal arteries, however intraoperatively he was found to have four (13) . Upon reviewing the scan postoperatively, this was due to the superimposed visual images of the adjacent renal arteries giving a reconstituted image that did not distinguish the multiplicity of the vessels.
The operative time is slightly longer in donors with DRA and this is not necessarily due to multiple arteries itself. In about 28% of the DRA cases, there were also multiple veins which made the time to dissect the arteries and veins longer. Both WIT and CIT in this study were shorter than other reports (10, (14) (15) (16) . This is probably influenced by having available operation rooms for the donor and recipient at the same time in most of the cases.
In terms of technical aspects there was no significant difference between hand assisted and standard laparoscopic nephrectomy for DRA, it remains to the latitude of surgeon's training and experience which one should be used. In the case of difficulty reconstructing the arteries on the back-table, there is always the option of two separate anastomoses with similar results to the double-barrel technique. Actually the progress and accumulation of experience makes MRA donors part of the routine activity, even with single incision laparoscopic surgery approach (17) .
This study confirmed findings from other reports (8, 13, 18) ; recipients of laparoscopically procured DRA kidneys are not at increased risk of vascular or urological complications. Saidi et al compared 31 MRA kidneys with 319 SRA kidneys and found no differences between the two groups on the rates of vascular and urological complications (9.6% vs 9.7%; vascular, 2.8% vs 3.2%; urological) (13) . In another study, Chedid et al found no significant differences in vascular complications (2.4% vs 1.1%, p=0.17) and urologic complications (2.9% vs 3.1%, p=0.47) when comparing 210 MRA kidneys to 924 SRA kidneys (18) . Furthermore, they have shown that multiplicity of renal arteries was not associated with increasing risk of vascular or urological complications in univariate analyses. On the other hand, some studies have reported increased risk of surgical complications, acute tubular necrosis, and acute rejection after transplanting MRA kidneys (4) (5) (6) . This discrepancy might be attributed to the advances in LDN techniques, and early introduction of subcutaneous heparin and aspirin.
DGF has not been reported in this study, a finding that supports the safety of laparoscopically procured DRA kidneys. In one of the largest reports, Cooper et al showed similar rates of DGF between DRA and SRA kidneys (5.2% and 5.3%, respectively), however a higher DGF rate among recipients of >2 arteries (9.8%) (8) . One of the explanations for this finding, can be our short warm and cold ischemic times. Immediate renal allograft function, as reflected by day-1, -5, and -30 post transplant serum creatinine levels, were the same among the two groups. This finding echoes what has been reported in other studies (8, 19) . Furthermore, short and long term outcomes are comparable between MRA and SRA kidneys (13, 18) .
Limitations of this study include being retrospective, and the chance of introducing selection bias as potential LKDs with >2 renal arteries were precluded from donation. That was a policy from the center as the Renal Transplant Program was launched several months before introducing LDN. Another limitation is the short term follow-up. Since the vast majority of the complications of transplanting MRA kidneys, whether surgical or medical, are immediate, we elected to report the renal allograft function one-month post transplant. Lastly, using serum creatinine levels as a measure of the renal allograft function might not be entirely accurate, but this is currently what is used in daily practice.
Conclusion
In conclusion, DRA still represents a special challenge during both donor nephrectomy and renal transplantation. However, laparoscopic procurement of DRA kidneys has been proven to be safe and has no significant impact on renal allograft outcome. LDN should be the standard of care in living kidney donor transplantation regardless the number of renal arteries. Expanding laparoscopy use to these cases will increase the donor pool for living donor renal transplant.
